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Ceil Culture Eogirieering - Where we have come from and where we are headed 



hi the past decade, Vi'e have seen continuing growth in 
mammaHan cell culture bloprocessing, primarily driven 
by the expanding anybody production industry. This 
expansion is not only in the number of products now 
available to needy patients, but also in the quantity 
of antibody produced. Further raising the excitement 
level is the growing number of prospective therapeutic 
products for diseases that are ill<eiy to become 
treatabie. Although it has been over two decades 
since the employment of mammalian ceil culture in 
recombinant ti-ierapeutic production, and a decade 
since ceil culture bloprocessing was proclaimed 
to be a "mature technology," the nevi,' surge in the 
quantities of products required and the phenomenally 
high investment cost for a manufacturing plant have 
spurred a new drive to enhance cell culture bioprocess 
technology. Recombinant therapeutic proteins have 
made a major headway in healthcare. Their future 
societal impacts may rival those of antibiotics, whose 
discovery and clinical applications have heralded the 
arrival of modern medicine. Lli<e microbial fermentation 
technology in the 1950s, which allowed penicillin to 
become widely avaiiable, advances in celi culture 
processing technology have been instrumental in 
making these new medicines available to patients. 

When assessing the biotechnological potential of 
process enhancement, it Is instructive to look back at 
the histoiy that preceded major biotechnological drugs. 
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From its discovery by Sir Alexander Flemming and its 
expansion into ciinicai applications by Edward Peniey 
Abraham until the end of lis second decade^ both the 
product titer and the production volume of penicillin 
increased almost exponentiaiiy. This was followed by 
a steady but slower enhancement in process, in terms 
of the product titer> in [he following i-ialf a century. 
The roughly three orders of magnitude Increase in 
production volume and product concentration was 
the result of decades of relentless effort by process 
scientists and engineers through strain improvement^ 
media development and many other process 
innovations. Oxygen and heat transfer capacity and 
mixing characteristics have steadily pushed upward 
the performance levei. On-line sensors, sterility 
control, equipment reliability and process control, all 
enhanced drastically over the past decades. However, 
the success of process technology eventually drove 
down the price. Penicillin G Is no longer produced 
In the United States, as the cost of production is 
dramatically lower In some other parts of the world. 

With some Imagination, one may see a close 
resemblance of cell culture products to the historical 
graph of penicililn. Nearly two decades after their 
first introduction as therapeutic biologies, we have 
seen process technology make large manufacturing 
processes a reality, with a steady increase in titer, 
from tens of milligrams per liter in hybrldoma cultures 
in the 1980s, to four or five grams per liter for some 
immunoglobulin products today. Although littie 
published Information is available, the production cost 
has also reduced by at least an order of magnitude 
since the beginning of cell culture products, if one were 
to plot such a graph for cell culture products for one or 
two decades from now, we are likely approaching the 
end of the rapid exponential stage in terms of product 
titer and process economics. However, in terms of 
real quantity, tremendous process enhancement 
was accomplished even after the Initial rapid growth 
phase vi'as over. The question for bloprocess scientists 
and engineers to ponder is what will it take for cell 
culture processing to accompiish what the antibiotics 
industry has achieved In our society In making major 
medicines affordabie to the worid's popuiation. 



What bioprocess scientists and engineers possess 
today that was not available to antibiotic researchers or 
even to the initial innovators In celi culture processes 
Is the ready availability of genomic exploration and cell 
engineering tools. ThesenewgenomeAvldelnvestlgative 
tools will greatly facilitate the discover^' of genes crucial 
to conferring cells with desired grovi'th and production 
characteristics. The new rnethodoiogy of targeting 



host genes for modulation of their expression level 
leading to altered cell physiology will result in greater 
productivity as well as increased robustness of the 
process. Will also facilitate the expansion of bioslmilars 
(Foilow-on) and make many medicines available to 
needy patients around the world at an affordable cost. 



Ceil Culture Prodycts aod ilariyfactyririg Prodocts 



Principal Viral Vaccines Used in Preventiors of Hurrsan Virus Diseases 



Disease 


Source of vaccir^e 


Condstson of virus 


Poliomyelitis 


Tissue culture (human diploid cell line, moni<ey kidney) 




iVIeasies 


rissue culture (chicken embryo) 


ive at^. ! !at'=d 


Mumps 


Tissue culture (chicl'ien embryo) 


Livp attenuated 


Rubella 


Tissue culture (duci< embryo, rabbit, or human diploid) 


uear uaSed 


Smallpox (var.cinia) 


[.ymph from calf or sheep (glycerolsted, lyophiiized) 


i.fve vaccinia 


Smallpox (vaccinia) 


Chorioaiiantols, tissue cuii;ures (lyophilized) 


ivaci-itiia 


yellow fever 


rissue cultures and eggs (17D strain) 


ive at-^ ! !at'=d 


influenza 


Highly purified subunit forms of chici<en embryo 
allantoic fluid (formalinized UV irradiated) 




influenza 


Cell culture (MDCK, Vero) 


At- li.Sed 


Rabies 


Duck embryo or human diploid cells 


n i ' 1 eo 


Adenovirus 


Human diploid cell cultures 


uear uaSed 


Japanese B encephalitis 


fvSouse brain (formalinized), cell culture 


n i ' 1 eo 


Venezuelan equine cephslomyelitis 


G'^n^^i■i:• hej:r.e:U,.itu=<- 


. !v<^ att- 1 jatet 


Eastern equine encephalomyelitis 


ChiCKen ernnrvo cell culture 


imactivarefl 


Western equine encephalomyelitis 


Chicken embryo celi cuirure 




Russian spring - summer encephalitis 


iVlouse brain (formahnized! 


imactivarefl 


Hepatitis A 




llnactivated 


Rotavirus 


Multivalent bovine 


SCell Culture 


Varicella Zoster (Chicken Pox) 


Leii Culture iv1F^C-b 





Therapeutic Protein Biologies Produced in Non-Mammalian Host 





Activity/Use 


riranulocyle coiony-sdmulating factor (SSIeupogen) 


White blood cell growi;h for l^eutropenia 


Insulin (Humiuiin) 


Diabei;es 


a-interferon (intron-A) 


Anticancer, viral infections 


Somatropin [human growth hormone] (Humatrope) 


Growth deficiencies 


Somatropin [human growth hormone] (Protopin/Nutropin) 


Growth deficiencies 


Interleuktn-;! fProleukinj 





Non-Anfibody Product 



Trade siams 


Typs 


Therapeutic use 


rvlanufactuser 


U.S. approval 


Host 


Aidurazyme 


U-ronidase 


Mucopoiysaccharld -eosis \ 


G enzyme 


2006 


CHO 


Cerezyrrie 


3-glucocerebros:dase 


Gaucher's disease 
Pomoe ciisease 
Fabry disease 


Genzyme 
Genzyme 
Genzyme 


1994 


CHO 


Myozyme 


c.-gaiactosidase 


2006 


CHO 


r-abrazyme 


«-gaiactosidase 


2003 


CHO 


Nagiazyme 


M-acetyigaiactosamie 
4-sijifa1;ase 


MucoDoiysaccharldeosis VI 


BioMarin 


2005 


CHO 


Orencia 


lg-CTLA4 fusion 


Rheumatoid artiiritis 


Brlstoi-Myers 
Sq^jibb 


20Q5 


CHO 




luteinizing hormone 


infertility 


Serono 


2004 


CHO 


Activate 


Tissue piasmifiogen 
activator 


Acute myocardial irifraction 


Genentech 


1987 


CHO 



Therapeutic Antibody Products 



Trade name 


mAb type 


Thsrapeistsc Use 


IVJantsfacttsrer 


U.S. 
approval 
year 


Host 


Orthociorie 
0KT3 


Murornomab 
CDS 


Reversal of acute 
kidney transplant 
reifiction 


Johnson &.lohnsan 


19S6 


Hybridorna 


ReoPro 


Abciximab 


Prevention of biood 
clots 


Centocor 


199': 


SP2/0 




Ariti-CD20 
mAb 


Mon-Modgkiri's 
iympi-iorria 


Genen;:ech, Biogen 
IDEC 


1997 


Cf-IO 


Zenapax 


Daclizumab 


Prevention of acute 
kidney transplant 
rejection 


Protein Design 
Labs 


1997 


NSO 


Simulect 


Basiliximab 


Prophylaxis of ac^jte 
organ rejection in 
allogeneic renal 
transplantation 


Movartis 


1998 




Synagis 


Pallvizurriab 


Prophylaxis of lower- 
respiratory-t ract: 
disease 


Medlmmune 


1998 


CHO 


Re.Tnicade 


Anti-TNr-ffi- 
rriAb 


Active Crohn's disease 


Centocor 


1998 


SP2/0 


HercepLifi 


Ant,i-HER2 
mAb 


Metastatic breast 


Genentech 


1998 


CHO 


Myio;:arg 


Arit3-CD33 


Acu!:e rnveloid 
ieuKemia 


vvvetn 


2000 


Cf-IO 


Cam path 


Anti-CD52 
mAb 


Chronic lymohocyric 


Millennium, 
Bi fIpx, Gi vytni 


2Q01 


CHO 


Zevallri 


Ant,i-CD20 
murine mAb 


'( ^ o<-'g<n< 
lympnoma 


Biogen IDEC 


2002 


CHO 


Humira 


Anti-TNF-fi 
mAb 


Rheum iU,d i-Jui i' 


Abbott 


2002 


Cf-IO 


Xoiair 


Anri-I{-E mAb 


Moderate/severe 
as1:tierf5a 


Genentech 


2Q03 


CHO 




MX " 
mAb 


"0 1 ^1 nc n 
hodgkins ivmphoma 


JSK 


2003 


CHO 




Anti-CDll3 
mAb 


Chronic psoriasis 


GenentecSi 


2003 


CHO 


ErbltLix 


ariLjbodv 
raised againsr 

receptor 


tGh receoror- 

op ess nf. ^ 1 1' i!i( 

colorectal cancer 


Imclone Systems^ 
;!ristol-Myers 
quibb, Merck 


2Q04 


CHO 


Avastin 


Anri-V£Gr 


Metastatic colorectal 
cancer and lung 


Genetech 


2004 


CHO 


Soiins 


Antibody 
binding to C5 


Paroxysmal nocturnai 
hemoglobinuria 




2007 


NSO 


Vectibix 


Anti-EGFR 
mAb 


Metastatic colorectal 
cancer 


Amgen 


2Q06 


CHO 



^ndustriaS Cell Lanes 



Major Cell Strains asid Lines for Humars Biologies Production 


Human Vaccsnes 


Primary Ceiis 


Green monkey l<idnsy ceils (no longer used) 


Chici<en embryo ceils 


f- isr-^"-- 


MRC5 (human lung fibrobiast) 


f. ii,., 


Vero (nonkey i<Jdney epithelial ceil) 


Rc'con^bsoaf^t Proteh^s 


Species cell line denved froiv 




HEK 293, Per C6 


Mouse 


C-127. HSO, hybridoma ceiis, SP2/0 


f ' r- r-e r'-snir-x- 


CHO 




BHK 


Cell Lines Used In the Production of Veterinanan Vaccines* 


Vaccines 


C&W iiine 


Bovine virai diarrhea virus 


MD8K 




MDBK 




MDBK 




MDBK 




FL72 


' . r . of.'lci o.^'i'i'i ' 


CRFK 




CRFK 




CRFK 




Vero 


'"^pn adonov ■ tv .e / 


Vero 


EhrUchia cams 


DH82 




BHK^21 


Eastern equine encepnaiitis virus 


Vero 




Vero 


Equine rotavirus 


MAI 04 


Equine rhinopneurnonitis virus type 1 and 4 


Ecu i^e Oeimal 


Equine influenza virus 


MDCh 


Foot and mouth disease virus 


GHK-2^ 


Swine parvovirus 


ST PK 


Swine influenza virus 


MDC h 


*Th:s tabie v>/as provided by Terry Mg, 200" O'gan s'n^, n !a ic^, y-^ 'itraceilular parasitic bacteha. 



Biosimii^rs or Foiiow-o^-Bioiogics 



4- The terms "Biosimi^ar" or "FoHow-on Biologic" refer to 
products that are marketed after expiration of patents, 
vi/hich are claimed to have similar properties to existing 
biologic products. Due to tine complexity of biologies, 
a product can oniy be made that is simiiar, but not 
identical. 

* Driving investnient in foiiow-on-bioioglcs is the fact 
that a number of commercially successful therapeutic 
proteins wiil go off patent betvv-een 2013-2017, including 
blockbuster drugs Remicsde and Humira 

4- A difficult question is how much similarity does a 
biosimilar have to show to its reference product. 

* Vv'hile a biosimiiars approval pathway has been 
established in Europe, US has yet to lay down any 
guidelines. 

* Sandoz Vv-as the first company to launch a biosimiiar- 
human growth hormone Omnitrope in both Europe and 
the United States. 



Approved Biosimyars m the EU 



Gersenc 


mAb type 


Manufacturer 


Reference product 


Laurich 


Abseamed 


Recombinant human 
EPO~a 


i'v'ledice Arzneimittei 
Putter (Germany) 


Eprex/Erypo (epoetin a Janssen- 
Ciiag, Beerse, Belgium) 


2007 


Sinoorit 


Recombinant human 
EPO-C! 


Sandoz 
(.Austria) 


£prex;'£rypo (epoetin a Janssen- 
Ciiag, Beerse, Belgium) 


2007 


Epoetin aifa 
Hexa! 


Recombinant human 
EPO-a 


Hexal Biotech 
(Germany) 


Eprex/Erypo (epoetin a Janssen- 
Ciiag, Beerse, Belgium) 


2007 


Retacrit 


Erythropoietin zeta 


Hospira Enterprises 
(Netherlands) 


Eprex/Erypo (epoetin a Janssen- 
Cilag, Beerse, Belgium) 


2007 


Silapo 


Erythropoietin zeta 


STADAArzneimittei 
(Germany) 


Eprex/Erypo (epoetin a Janssen- 
Ciiag, Beerse, Belgium) 


2007 


Omnitrope 


Somatropin growth 
hormone 


Sandoz 
(Austria) 


Genotropin (Pfizer) 


2006 


Vaitropin 


Somatropin growth 
hormone 


Biopartners (Germany) 


Humantrope (Eli Lilly, Nether- 
lands) 


2006 




Cisffent saies and sstirnaled patent expiry of sslected 
protein products 



Marketed Bsosimiiars in Ind'm 



Company 


Brand Hsme 


Biosimslar 


Launch 


Rsnbsxy 





Epoetin 


2003 


Dr Reddv's 




G-CSF 


2001 








2007 


VVockharcit 






2003 




—— 




2001 




B'ovac-B 




2000 


~^r^^ 






2004 








2006 






_ErrJ 


2004 








2005 






G-CSF 


2004 


Shantha Biotechnics 


s^^v;™:;;™ 




2005 








2002 






.5t':>t- ^r■ase 


2004 




'~>--".'-\'AC B 


Hepatitis B 


1997 



IVlarketed Biosimiiars In Chhia 



Compasiy 


Biosmiiktrs 


Dragon Pharnaceu- 
ticais 


Epoetin, filgrastim 


Dongbao 


Insulin, G-CSF 


Anhiji Anke Biotech- 
nology 


HGH, interferon alpha 


Anyotop 


G-CSF. IL-11 


GeneLeuk Biotech 


G-CSF, PEG filgrastim, interferon 


HangzinouJiuyan 
Gens 


G-CSF, IL-11 



Example of Manufacturmg Plants 

• Genentech's New Vacaville Facility, California 

o Started construction in 2004, FDA licensure 

expected 2009 
o Investment: $800 million 
o Eight 25,000-liter bioreactors 
o Production of Herceptin, Avastin and Rituxan 

• Bristol Myer Squibb, Devens, Masschusetts 

o Started construction in 2007, validation in 
2011 

o Investment: $750 million 
o Six 20,000- liter bioreactors, one purification 
strain 

o Production of Orencia and other biologies 

• Biogen IDEC LSM Facility 

o 245,000 ft2 production 

o Multi-product facility 

o Six 15,000L production reactor capacity 



Dose of some antibody product 



Product 


Disease indication 


Company 


Formuiatiors Configuration 


Amevive 


Psoriasis 


Biogen 


7.5mg/0.5ni; I5mg/0.5mi 


Enbrei 


RA 


Amgen 


25mg 


Heceptin 


Breast Cancer 


Genentech 


440mg/30cc 


Humira 


Rheumatoid arthritis 


Abbott. CAT 


40mn (1nl prefiiied syringe) 


Remicade 


Crohn's disease, RA 


Johnson & Johnson, Centocor 


100 rng/20GC 


Rituxan 


NHL 


Genelech/ldec 


100mg/10rjc; SOOrng/SOoc 


Synagis 


Respiratory syncytial virus 


Med Immune 


-lOOmg 


Xolair 


Aliergic Asthma 


Genetech/Tanox/Novatis 


150mn/5cc 



Alternative Tecii oologies 

Mammalian cells are still the main worl<horses for biologic 
production. The other host cells used for biopharmaceuti- 
cal production Include E.coH and Sacchrornyces cerevislae. 
Alternative production systems include the following: 

* Insect cell culture 

* Yeast ( Pichia ) 

* Transgenic animals 

* Transgenic plants 



Insect Cell Culture 



Appiicatiofi 


Comments 


Basic research 


Hundreds of genes have been expressed using baculovirus. 


Bioproduction 


Possibly 2S or more corr-: pounds in ciinicai trials are being produced using 
baculovirus expression systems. 


Gene therapy 


A growing number of cell types have been shown lo wori< with BV as the gene- 
delivery vehicle. 


Display systems 


Oernonsiratioris of \he. ;5biii;:y to produce large numbers of proteins suggests BV 
display systems could lead to combinatorial proteornics. 


Bioreagent production 


A number of bioreagent suppliers use BV to nn3!<e target proteins, virai 
components and other compounds for the research niarl<et. 


ArtHicial chromosomes 


The large BV genomes suggest use as artificial chromosomes. So far, one patent 
has been awarded for this applicadon. 


Biopesticides 


There has been an enduring interest in using BV for biopesticides; many atiempiis 
have failed. One of the latest is to use a gene for a scorpion toxin against 
targe;:ed insects. 



Yeast Several advances have been made in 'humanizing' 

the glycosylatlon characteristics in Pichia systems. 
Glycofl(Merck) iias worked towards a multlstep genetic 
engineering process where they first eliminated non- 
human giycosyiation enzymes and subsequenUy 
introduced human giycosyiation reactions. They 
currently report a titer of - 1 .4g/L. if further developed 
and scaled up, these engineered yeast strains will 
facilitate batch to batch consistency by producing 
uniformly glycosylated products. 



Product 


Company 


Uss 


Status 


M ed way ( recom b i t^a nt 
human serum albumin) 


Mitsubishi Tanabe 
Pharrna Corporation, 


Siood expander 


On the market in Japan 


Hepatitis B vaccine 


Shantha Biotechnics 


Hepatitis B 


On the market in India 


Interferon -alpha 


Shantha Biotechnics 
Ltd., India 


Hepatitis C/Cancer 


On the rriari=iet in India 


DX'88 


Dyax Corporation, 
Cambridge, Mass. 


iHereditary angloeclema 
(HAE), a debilitating 
condition characterized 
by acute attacks of 
Inflammation. 


BLA submitted 


Recomb mailt Human, insulin 


Biocon. India 


Diibetcs aiU}) 


Oil the niai-ket iii India 


Reco mb mailt colla £;en 


Fibit^.iiinc Suitb Sfu 
Francisco 


hescaicinca^ Jilts 
and derinai iiiier 


Oil the maitet 


BoUslisra vaccine 
Ariti-tlMCHTibolytic 


IfSA^irUiD DotPoit 
TliiOftr,>{Kni( ,T tl 


BoUslism vaccine product 
Tiirombosis Is 


Piiasel (U.S.) 
Piiasc II 



Transgenic Animals Transgenic organisms for the production of 

biotherapeutlcs have been in development for more 
than a decade. These production systems require low 
initial capital investment, and have a relatively easy 
purification process for the glycosylated products. 
However, so far, only one product has been approved 
by the FDA- ATryn, produced In transgenic goat milk 
by GTC Biotherapeutlcs. 



An'msi Speciss Commonly Used for Esprsssson of Recombinant Protsins in Milk 





i (months) i : 


i.;s!:«:ation {i) I 






0.0015 i 






1.5 i 






120 i 






4-30 i 


Canle j 15 j 1 1 1.0,0C}0 i 



Transgenic Animai Products Approved or Under Deveiopment 



Species 




Product 


Status 


Comments 


Goat 


GTC Biotherapeutics, 
MA 


ATryfi - recornbinarit 
hurr-ian antithrornbin- 
alpha 


Approved 


Glycosyiation patterns 
differ slightly { involves 
N-glycolylneurarnic acid- not 
seen in humans), but was not a 
regulatory hurdle; Predicted sales 
of $6-$10.Tniiiion in 2009. 


Goat 


PharmAthene, MD : Protexia- 

: reconiDinanr human 
i butyry!c:l-iolines;:firase 
i (BChE) 


Development: 




Rabbit 


Piiarming, Netherlands : Rhucin-RecomDinant 
: huniari C.l esterase 
: inniD!tor 


Phase 3 trials 


For the treatment of nereditary 
angiodema. 

Functional Mabs produced at 
3mg/rjg so'^c di' nrcnL--s in 
5 ycosylato Ha f re in mouse 
^rrum nalfinal o n.itjra 
antibodies (reduced trom 200- 
lOOh) 


Chickens 
(eggs) 


Origen Therapeuncs. 
MedarexincCA 


mAb 


Pilot Studif- 



ilMMiMIMiiM 



Product Quality and Process Robustness 



Criticai Feature ofrDNA proteins from mammaiian ceiis 



# Folding and disulfide bond 

# Glycosylalion 

-hJ or O - giycosyiation 

-Sulfation or phosphorylation of glycans 

-Affect solubility, clearance and biological activities 

# Other post-translalional modifications 
•- Y-carbonxylation 

- iipldation 



Tissue Plasminogen Activator ftPA)l 

* Single polypeptide chain (70 i<Da) or proteoiyticaliy 
cleaved at ARG276. 

* Multiple N-iinked carbohydrates: ASN117 (high 
mannose), AS1M1S4 (50% complex rnultiantenary, 50% 
unoccupied), THR51 (O linked fucose). 

* Contains 35 cysLeine residues, 17 pairs of disulfide 
bonds. CYS83 can fortri a disulfide with other free 
thiols depending upon the grow/th medium and buffer 
composition. 

* May form high molecular v/eight aggregate (complexes 
with protease inhibitors) and proteoiyticaliy cleaved 
tPA. 

ErythropQieti'rs 

* Contains 40% carbohydrate, only 2 disulfide bonds. 

* 3 fM-linked ASN (24,38,83), 1 O linked (SFR125) 
giycosyiation sites. 

* 0-linked site not essential for in vitro or in vivo activity. 

* Sialic acid residues (average 10 moles/nnole Epo) 
responsible for preserving pharmacokinetic behavior. 
IVIutelns lacking 2 or 3 N-linked sites are poorly 
secreted. 

* H linked giycosyiation and sialylation is critical to 
optimal secretion, structure, in vivo potency. 



Protem Product Quality issues 
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